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During  the past five years,  because of the  limitations  of clinical 
interests, progress in ferment investigation has been somewhat con- 
fined to studies  concerning  anti-trypsin.  Relatively little  attention 
has  been  devoted  to  the  studies  of  antibodies  for  the  other  fer- 
ments,  although  their deep biological significance is apparent.  This 
paper  concerns  the  study of  anti-pepsin. 1 
It  was  recognized  that  the  preliminary  step  in  such  an  investi- 
gation  involved  the  elaboration  of  a  method  by  which  a  specific 
anti-pepsin  could  be  demonstrated.  It  was  considered  necessary 
to  use  methods  similar  to  those  used  in  serological  work  for  the 
demonstration of other true antibodies, as it was thought that many 
of  the  contradictions  in  the  work  already  published  were  due  to 
failure  to make use of such technique.  The  particular  importance 
of  careful  correlation  of chemical  and  biological  technique  in  the 
study  of  pepsin,  and  an  antibody  for  pepsin,  becomes  apparent 
upon  consideration  of  the  following: 
(I)  Several  investigations  have  shown  that  hydrochloric  acid 
will  inhibit  the  action  of  immune  bodies  (Hecker  (I));  (2)  this 
acid  is  necessary  for the  activation  of pepsin;  (3)  its  presence  in 
quantities  sufficient for activation of pepsin might  inhibit  the action 
of  anti-pepsin.  Without  due  consideration  of  these  points  in  the 
elaboration  of a  technique,  erroneous  conclusions  might  be drawn, 
as will be shown in the body of the report. 
* Received for publication, August  I4,  I9II. 
1  Only those articles in the literature will be referred  to which have a definite 
bearing  on  the  points under  consideration.  The  more important  articles on 
anti-pepsin published previous to  I9Io  are  well reviewed by  C.  Oppenheimer, 
Die Fermente  und  ihre Wirkungen, 3d edition, Leipzig, 191o, pp. 270-272. 
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A  clear differentiation should  be made  between  those physical and  chemical 
agents which possess non-specific anti-peptic action, and true  specific  anti-pepsin. 
T'he  following agents  have  been  demonstrated  to  possess non-specific pepsin 
inhibiting action: temperature, sunlight  (Fermi, Pernossi, Iscovesco), electricity, 
shaking  (Shaklee and Meltzer (2)), fiItering through ordinary filter paper  (Levy 
(3)),  boric acid  (Afanski), carbon  dioxid  (Scbierbeck), glycocoll  (Hoffman), 
leucin  (Rosenheim);  amino  acids  (Jastrowitz),  accumulated  split  products, 
albumoses,  pepions,  etc.  (Pupo-Kriiger,  Gfirber),  alkalies  (Herzen,  Kiihne, 
Langley, Shokiri-Nagayo), trypsin (Langley, Mees), putrefaction (Papasotiriou), 
salts  in  general  (Dastre,  Fabini  and  Fiori,  Wroblewski,  Chittenden,  Kriiger), 
arsenious  acid,  inorganic  poisons,  colloidal  metals  (Pincussohn),  ethyl  and 
propyl alcohol  (Laborde), chloroform  (Bertels), to]uol  (Grober),  formaldehyde 
(Bliss and  Novy), sugars  (Buchner,  Sailer and Farr, Ascber), alkaloids  (Paw- 
lowsky), tannin  (Ascher), saccharin  (Matthews)? 
Of  this  list  of  non-specific  pepsin-inhibiting  agents,  the  neutral 
salts have received a  large measure  of attention.  Of  these,  sodium 
chlorid has  beenmost  thoroughly  examined,  particularly by  Schiitz 
(4)  and  Levites  (5),  although  the  significance of the  inhibition of 
peptic  activity  by  sodium  chlorid  in  relation  to  the  demonstration 
of  a  specific  anti-pepsin  has  not  been  appreciated.  The  following 
experiment  will  serve  as  an  illustration  of  this  inactivation  of 
pepsin  by  sodium  chlorid. 
The  action  of  hydrochloric acid  was  considered  to  be  of  such  importance 
that  means  were taken  to  free the ferment  of  as much of this  acid as possible. 
To  this  end,  commercial scale pepsin  (Merck)  was  dissolved in  a  25  per  cent. 
glycerin solution.,  and  allowed to  stand  in  the  incubator  (38  °  C.)  for  24  hours. 
Ten times  the volume of 9,5 per cent.  alcohol was  added and the  resulting pre- 
cipitate,  after  decantation of  the  supernatant  fluid, was  dried  successively with 
95 per cent. alcohol, absolute alcohol, and ether,  and the~ pulverized and  placed 
in a  dry, air-tight bottle.  This precipitated pepsin was found to be twelve times 
the strength of the commercial pepsin and almost free from acid.  It constituted 
the  stock  pepsin  with  which  all  experiments  were  made.  Solutions  were  pre- 
pared  fresh  on  the  day  they  were  to  be  used  by  dissolving  the  ferment  in 
the given solvent in the proportion of I  to  io,ooo,  so that the  I  c.c.  solution con- 
tained o.oooi gm. of pepsin.  This amount was used because after a series of ex- 
periments it was  found to be the minimum quantity of pepsin which would give 
definite  evidence  of  proteid  digestion,  thereby  ruling  out  errors  from  excess 
inactive pepsin. 
In this experiment, I  c.c. of an aqueous pepsin solution was placed in each of 
the nine tubes.  To the first three tubes, 2.5 c.c. of o.85 per cent. sodium chlorid 
solution were  added;  to  the  second three  tubes,  2.5  c.c.  of  distilled water were 
This list, with some additions, has been compiled from Oppenheimer, loc. cit., 
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added; the last three tubes served as controls.  All tubes were placed in the incu- 
bator for 30 minutes.  After removal, increasing quantities  of N/Io hydrochloric 
acid were added  for activation,  and then small portions--about the size of a pea 
--of carmin fibrin  (Griibler).  The tubes were again placed in the incubator and 
observed at intervals for 24 hours.  At the end of that time no cloudiness  (from 
digestion  of  fibrin)  and  no  red  coloring  (from  solution  of  carmin)  of  the 
supernatant  fluid  had  occurred  in  the  tubes  containing  sodium  chlorid.  T'he 
control tubes  with water, and  with no further addition,  showed  marked coloring 
of  the  solution  in  6o  minutes,  nearly  complete  digestion  of  the  fibrin  in  I8 
hours,  and complete  digestion  in 24 hours. 
TABLE  I. 
Pepsin in i  c.c. 
water. 
O.000I gin. 
O.O00I gm. 
o.oooi  gin. 
o.ooox  gm. 
o.ooo~  gm. 
o.oooi  gm. 
o.oooi  gm. 
o,oooi  gin. 
o.oool  gin. 
0.85  per I  N/xo 
Carmin  cent,  v  Io  sodium  Water.  h  dro-  chloric  fibrin.  minutes. 
chlorid.  ~  acid. 
'cc++  om  ~.~  ~.~  ~.~c.e,  c.c,  c.e, ~.~ e.e.  o.c.  ~  "~  ~ P,.o  io.~  ,.o c.~.'  °'~" ,  -t-  +÷ 
2.5 e.c.  ~  i°'5 c.c.l  o  iI.o c.c.]  o 
25  ~  ~o:~co~  ÷  o 
15.O C.C. i  0 
I 
I.o c.c.!  +  o 
I 
~nii  es. 
l'r  e? 
x8 hours.  2  4 hours. 
0  0 
0  0 
0  0 
+++  ++++ 
~dd÷  ÷+÷÷  ++++ 
~dd÷  ÷÷÷+  ++++ 
++++  ++++ 
++++  ++++ 
2.5  c.c. of 0.85 per  cent.  sodium  chlorid  prevent pepsin  in  solution  in  water 
from digesting  carmin fibrin;  the  addition  of N/Io hydrochloric acid  in  excess 
does not reactivate ferment.  Control tubes  alone and with  water show complete 
digestion  in  24  hours,  o~no  digestion;  +,  +-F,  -F,-[-+  partial  digestion; 
+-[-+-I- =  complete  digestion. 
This  inactivation  of  pepsin by  sodium  chlorid  occurs  only  when 
the pepsin is in aqueous solution,  with only the trace of acidity con- 
tained  in the  pepsin itself  after alcoholic precipitation.  If the  fer- 
ment is dissolved in a  weak hydrochloric acid solution,  no  inactiva- 
tion  by sodium chlorid  occurs.  Table  II shows  the  results  of such 
an  experiment  in  which  the  pepsin  in  aqueous  solution  (to  be  re- 
ferred to as H20  pepsin)  in the first three tubes has been prevented 
from  acting  by  salt  solution;  the  pepsin  in  solution  N/Io hydro- 
chloric acid  (to be referred to as N/IO pepsin)  in  the  second  three 
tubes  digests  carmin fibrin promptly.  These experiments show  the 
importance  of  the  time  of  addition  of  hydrochloric  acid  in  rela- 
tion  to  the  time  of  addition  of  the  inactivating  sodium  chlorid; 538  Relations  of Pepsin  to  So-Called Anti-Pepsin. 
one cubic centimeter of N/Io hydrochloric acid is  sufficient to pre- 
vent inactivation when present before  sodium chlorid  (tubes  4,  5, 
and 6,  table II); five cubic centimeters of N/Io hydrochloric acid 
are  unable  to  reactivate  pepsin  when  added  after  sodium  chlorid 
(tubes  I, 2, and 3,  table II). 
TABLE  II. 
Pepsin in x c.c.  °'85per [  •  N  zo  i 
"~  zPepSinc.c,  water.in [ N/xo  hyd  nt.  ]  ~  hydro-  Carmin  xo  I  3o 
chloric acid.  sodm.m  ~  chloric  fibrin,  minutes.[minutes. 
r  I chlond. : "~  acid, 
T  O.OOOI  gm.[  !2. 5  I 
2  o.ooolgm.  I  !2.5 c'c'ic.c.j  i°oScC:il i !  ++  Oo 
3  O.O0OI  gin.  i2. 5 c.c. i  5.o  c.c.:  +  o 
4  !  ~ 0.OOOI  gm.  12.5  c.c.!  ]0.5 c.c.l  +  + 
5  i o.oooi  gm.  !2.5 c.c.  ~  I.o  c.c.i  +  + 
6  ! o.oo0I  gm.  :2.5 c.c.L  ,5.o c.c. [  +  + 
z8 
hours. 
3 6 
hours. 
o  o 
o  o 
o  o 
+  +++ 
+  :++++ 
+  ++++ 
o 
o 
o 
++++ 
++++ 
++++ 
2.5  c.c. of 0.85' per cent. sodium chlorid prevent pepsin in solution in water 
from digesting carmin fibrin, in spite of the subsequent addition (in excess) of 
N/io 'hydrochloric acid.  Pepsin dissolved in  N/IO hydrochloric acid  is  not 
prevented from acting by sodium chlorid. 
The interest in this phenomenon lies  in the  fact that physiolog- 
ical  salt  solution  would  be  considered  an  anti-pepsin  only  when 
pepsin  is  in  aqueous  solution, and  not when  it  is  in  an acid  solu- 
tion.  Oguro  (6),  in  a  recent  article  on  the  quantitative  estima- 
tion  of  anti-pepsin  in  serum,  controlled  the  inhibiting  action  of 
horse serum with the non-inhibiting action of sodium chlorid.  In 
this control, four cubic centimeters of a  I  per cent. pepsin solution 
(Grfibler)  digested carmin fibrin completely in ten hours.  As  he 
did  not  mention  the  solvent  for  pepsin,  it  was  probably  distilled 
water.  Therefore,  the  fact  that  sodium  chlorid  did  not  inhibit 
must  lie  in  the  fact  that  there  was  sufficient acid  present  in  the 
pepsin itself to prevent inactivation.  That such was the case seems 
probable  from a  comparison of the relative amounts of acidity in 
the various commercial pepsin preparations. 
One  gram each of pepsin prepared  by Grtibler,  Armour,  Parke, 
Davis  and Company, and  Merck,  and the precipitated pepsin  used 
in these experiments was dissolved in I0O cubic centimeters of water 
and titrated with N/Io sodium hydroxid; phenolphthalein was used 
as  an  indicator.  Here  the  relatively large  amount of  acid  in  the Walter  W.  Hamburger.  539 
TABLE  III. 
Comparison of activities of commercial scale pepsin with alcohol precipitated 
pepsin. 
x gin. of scale pepsin dissolved in  ioo e.e. of water.  N/Io sodium hydroxid 
necessary to neutralize. 
Griibler  .....................................  x6.7 e.c. 
Armour  ....................................  24.5 c.c. 
Parke,  Davis ...............................  I8.2 e.e. 
Merck  .....................................  I6.7 e.c. 
Alcohol precipitated pepsin ..................  6.9 e.e. 
Grfibler,  as well as in the other commercial  preparations,  would be 
sufficient to  prevent  the  salt  inactivation,  while  the  small  trace  of 
acid in the precipitated  pepsin did  not interfere.  The  quantitative 
estimation  of  the  amount  of  acid  necessary  to  prevent  sodium 
chlorid inactivation,  as well as the question of the inactivating effect 
of  serum  which  Oguro  noted,  will be discussed in  the second por- 
tion of this paper in connection with the study of the blood serum 
inactivation  of pepsin. 
There  is  abundant  evidence  that  in  addition  to  the  individual 
physical and chemical agents  capable of pepsin inactivation  already 
discussed, extracts  of animal organs,  blood serum,  various proteids, 
and the split products of proteid digestion are capable of pepsin in- 
activation.  Schnappauff  (7),  in  I888,  found  that  fresh liver  and 
muscle extracts destroyed peptic activity.  Hahn  (8), in I897, men- 
tions that the addition of dog serum to a  pepsin solution prevented 
the latter  from acting.  Jacoby  (9),  in  I9o6,  demonstrated  an  in- 
hibiting  substance  in  fresh horse serum.  Blum and  Fuld  (Io),  in 
~9o6,  concluded  there  was  an  anti-pepsin  in  normal  gastric  juice. 
Jochmann  and  Kantorowicz  (It),  in  I9o8,  demonstrated  two  in- 
hibiting  bodies  in  human  serum  and  edema fluid.  Oguro  (6),  in 
I9o9,  discusses  a  method  for  the  quantitative  estimation  of  anti- 
pepsin in horse, rabbit, and human serum. 
Is  the  peptic  inactivation  discussed  by  these  authors  due  to  a 
specific anti-pepsin present in blood serum, or is it due to some non- 
specific inhibiting  factor ?  I  believe that it is due to the latter,  and 
that  it  can  be satisfactorily  explained  by  the  phenomenon  of  fer- 
ment deviation described  for some of the  other  ferments--particu- 
larly by Hedin  (i2)  for trypsin.  That  the  deviation of pepsin  by 
serum  can  be  obtained  is  shown  by the  following experiment: 540  Relations  of Pepsin  to  So-Called Anti-Pepsin. 
0.5 c.c. of beef serum diluted I to 5 with salt solution, was added to a series of 
tubes each containing o.oooi  gm. of precipitated pepsin in I c.e. of distilled water ; 
after  30  minutes'  incubation,  activating acid  and  carmin  fibrin  were  added.  At 
the  end  of 24 hours,  no  digestion of  the  carmin  fibrin  had  occurred,  while  the 
control  tubes  containing  pepsin  in  N/Io  hydrochloric  acid  showed  complete 
digestior~  (table  IV).  A  control  series  with  serum  diluted  with  distilled  water 
showed  the  same  inactivatior~  (table  V). 
TABLE  IV. 
Pepsin  in 
I  c.c.  water. 
I  0.000I  gm. 
2  O.O00I  gin. 
3  0.000I  gm. 
4 
5 
6 
Pepsin in z c.c. 
N/xo hydro- 
chloric acid. 
o.oooI  gin. 
o.oooI  gin. 
o.oooI  gm. 
Beef 
~erum in 
zto5 
sodium 
chlorid. 
0.5 c.c. 
0.5  c.c. 
0.5  c.c. 
0.5  c.c. 
0.5 c.c. 
o.5 c.c. 
,~  ]  N~xo 
[  hydro-  Carmin 
chloric  fibrin. 
"~  acid. 
o!  I 
''.5  c.e.[ 
:.o c.c. 
;.o c.c. 
+ 
+ 
+ 
+ 
+ 
+ 
~0 
minutes. 
o 
o 
o 
o 
o 
+ 
60 
minutes. 
o 
o 
o 
o  d+ 
z8 hours.  2 4 hours. 
O  O 
/:+/:+ 
o  o 
++++  ++++ 
0.5  c.c.  of  fresh  beef  serum  in  2.5  c.c. of  sodium  ehlorid prevents  pepsin  in 
solution in wat'er from digesting carmin  fibrin in spite of the subsequent addition 
of  N/Io  hydrochloric acid.  Pepsin  dissolved in  N/IO  hydrochloric  acid  is  not 
prevented from acting by beef serum; the speed of digestion varies directly with 
the  amount  of  N/Io hydrochloric  acid  added.  This  is  an  example  of  ferment 
deviation by  bee/  serum. 
TABLE  V. 
.  •  [  Beef  .  .  repsln  in z c.c.i  •  repsm  in  xr,  ,  ,  Eserum in  !  £~11io n  (lro-  x c.c. water.  •  y  •  z  to 5 
chlorlc acid.  water. 
O.OOOI  gm.  i  io.5  c.c. 
o.oooi  gin. I  Io.5  c.c. 
o.oooi  gm.'  [0.5  c.c. 
i  O.OOOX  gm.  1o.5  c.c. 
o.oooI  gm.  0.5  e.e. 
o.oooI  gin.  0.5  c.c. 
N/xo  Carmin  minutes.  hydro-  fibrin,  xo  chloric 
acid. 
0.5 c.e.  +  o 
1.0 C.C.  ~  0 
5.0 c.c.  +  o 
o.5 c.c.  +  o 
I.O C.C.  ~-  0 
s.oc.c.]  +  i  + 
6o 
minutes,  z8 hours.  2 4 hours. 
O  O  I  O 
o  +i+  +2  +++  o  o  + 
++++  ++++ 
+++  ++++++++ 
0.5 c.c. of fresh  serum in 2.5 c.e. of distilled water prevents pepsin in solution 
in water from digesting carmin fibrin  in spite of the subsequent addition of N/IO 
hydrochloric  acid.  Pepsin  control  dissolved  in  N/Io  hydrochloric  acid  is  not 
prevented  from  acting  by  beef  serum.  Sodium  chlorid  solution  was  not  used 
in  serum  dilution because of its property  of causing pepsin inactivation. 
In these experiments, the inactivation of pepsin by serum occurred 
when  pepsin  was  in  aqueous  solution,  and  not  in  N/IO  hydro- 
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in aqueous solution, but also in the presence of smaller amounts of 
acid, a  technique was employed which would allow of quantitative 
measurements.  This question took on an added interest, for in the 
event that a small quantity of acid would permit deviation, it might 
be possible that' this degree of acidity would be sufficient to activate 
pepsin, and at the same time, permit anti-pepsin to act.  The method 
consisted in the nitrogen determination of the non-coaguable pro- 
teid after the method described by Opie  (14). 
o.oooi gin. of pepsin dissolved in the solution to be tested, was placed in each 
of a  series of Erlenmeyer flasks.  Then 0.5  c.c.  of beef serum, the inhibiting ac- 
tion  of  which  was  to  be  tested,  in  I  to  5  sodium  chlorid  solution  was  added. 
After 6o  minutes' incubation, 2 c.c. of 2 per cent. hydrochloric acid," 5 c.c.  of in- 
activated beef serum  (heated to 75 °  C.  for 30  minutes)  in I  to 5 sodium chlorid 
solution, and  I  c.c.  of toluol were added, and the tubes put in the incubator for 
48  hours. 
After removal of the coagulable proteids by  filtration,  nitrogen 
determinations were made after the method of Kjeldahl, the results 
being shown in cubic centimeters of N/Io sulphuric acid necessary 
for  neutralization.  Table  VI  shows the  results  of  a  preliminary 
series of five flasks with this technique; the results are the same as 
in the carmin fibrin method. 
TABLE  VI. 
"•  Pepsin  x c.c.  in 
water. 
I  o.oooi gm. 
2  o.oooI gin. 
3 
4 
5! 
Pepsin in z c.c. 
N/xo hydro- 
chloric acid. 
o.oooi gin. 
o.oooI  gin. 
Beef serum, 
z to 5 sodium 
chlorid. 
0.5 c.c. 
o.5 c.c. 
0.5 c.c. 
! Hydro- 
chloric 
"~  acid. 
o 
2 C.C. 
2  C.C. 
~cc. 
Inactivated 
beef serum 1  Toluol. 
to 5 sodium 
chlorid. 
5 c.c.  I c.c. 
S C.C.  I  C.C. 
5 c.c.  I  c.c. 
5 c.c.  i  c.c. 
Kjeldahl N/In 
sulphuric acid, 
6.0 C.C. 
38.2 c.c. 
7.o c.c. 
39.5 e.c. 
32.4 c.e. 
0.5  c.c.  of  fresh beef  serum  in  2.5  c.c.  of  sodium  chlorid prevents  pepsin  in 
aqueous  solution  from  acting;  when  pepsin  is  dissolved in  N/m  hydrochloric 
acid,  digestion is  not prevented. 
a This  activating acid  was  added  to  bring the  acidity of the total  mixture  to 
0.2 to o.3 per cent., the degree best suited for peptic digestion.  It was necessarily 
added after  the serum had been in contact with the ferment, otherwise it would 
not  only  have  prevented.deviation because  of  the  large  excess  of  free hydro- 
chloric acid but would probably have destroyed any true anti-ferment present just 
as acid destroys other antibodies.  Hecker, loc.  elt.,  found that hydrochloric acid 
in  strength  greater  than  0.45  c.c.  of  N/IOO  solution  prevented  the  action  of 
hemolytic complement, that o.4 c.c. gave strong, and 0.35  c.c. complete hemolysis. 542  Relations  of Pepsin  to  So-Called Anti-Pepsin. 
A  series  of  flasks  was  then  prepared  to  study  the  minimum 
amount of acidity which would permit pepsin  deviation.  Control 
flasks  containing inactivated serum  were  included. 
TABLE  VII. 
ooooi gm pepsin 
in t c.c. hydro- 
chloric acid. 
1  N/IO 
2  N/IO 
3  N/2o 
4  N/2o 
5  N/3o 
6  N/3o 
7  N/40 
8  N/4o 
9  N/5o 
Io  N/5o 
II  N/6o 
12  N/6o 
13  N/7o 
14  N/7o 
15  N/8o 
16  N/8o 
I7  N/9o 
18  N/9o 
19  N]IOO 
20  N/IOO 
2i  N/2oo 
22  N/2OO 
23  N/5oo 
24  N/5OO 
25  N/IO 
26 
27, 
28  N/IO 
Fresh beef 
serum in x to 5 
sodium 
chlorid. 
0. 5  C.C. 
0.5 c.c. 
o.5 c.c. 
0.5 c.c. 
0.5 c.c. 
0.5 c.c. 
o.5 c.c. 
o.5  c.c. 
o.5 c.c. 
o.5 c.c. 
0.5 c.c. 
o.5  c.c. 
0.5 c.c. 
Inactivated  Hydro-  [ 
chloric  beef serum' I  acid. 
I  2  C.C.  I 
0.5  c.c. 
o.5  c.c. 
0.5 c.c. 
0.5 c.c. 
0.5 c.c. 
0.5 c.c. 
o.5 c.c. 
0.5 c.c.  .~ 
0.5 c.c. 
o.5 c.c. 
0.5 c.c. 
0.5 c.c. 
0.5  c.c. 
Inacti- 
vated 
beef  Toluoi 
serum. 
5  C.C.  I  C.¢. 
,, 
,i 
,4 
J~ 
N,Izo sulphuric 
acid. 
28.5 c.c. 
27.0 c.c. 
22. 5 C.C. 
22.2 C.C. 
20.2 C.C. 
18. 5 c.c. 
24.4 c.c. 
25.3 c.c. 
17.o c.c. 
16. 5  c.c. 
22.6 c.c. 
3.5 c.c. 
3.5 c.c. 
3.o c.c. 
3.4 c.c. 
2.i  c.c. 
3.2  c.c. 
2.9 c.c. 
4.0 c.c. 
2.5 c.c. 
3.2  c.c. 
3.0 c.c. 
2.5 c.c. 
2.4 c.c. 
16. 5 c.c. 
3.0 c.c. 
2.5 c.c. 
3.7 c.c. 
o.5  c.c.  of  inactivated  beef  serum  in  2.5  c.c.  of  o.85  per  cent.  sodium  chlorid 
prevents  o.oooi  gm.  of  pepsin  in  I  c.c.  of  N/6o  hydrochloric  acid  from  digesting 
inactivated  beef  serum,  o.5  c.c.  of  fresh  beef  serum  does  not  prevent  pepsin  in 
N/6o  hydrochloric  acid  from  acting,  but  it  does  prevent  pepsin  in  N/7o  hydro- 
chloric  acid  and  pepsin  in  all  greater  dilutions  up  to  N/5oo  hydrochloric  acid. 
In  flask  12,  deviation occurred  in the  presence  of N/6o  hydro- 
chloric  acid  with  0. 5  of  a  cubic  centimeter of  inactivated serum; 
flask 13 showed deviation in the presence of N/7o hydrochloric acid 
with 0. 5 of a cubic centimeter of fresh serum. 
This  experiment  showed  further  that  pepsin  in  N/6o  hydro- 
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serum, but  not by 0. 5  of a  cubic centimeter of  fresh serum  (flask 
II).  This  speaks  strongly  against  the  fact  that  the  inactivation 
was  caused  by  a  specific  anti-pepsin,  for  the  anti-ferment would 
have to be not only thermostabile, but activated by heat.  It speaks 
also  against  the  fact  that  the  hypothetical anti-pepsin  may  have 
been destroyed by acid, for in flask ii pepsin was active, in flask 12 
it was inactive, the acidity, N/6o, remaining constant. 
Another series  was prepared to study quantitatively the amount 
of serum capable of causing deviation in a given strength of acid. 
TABLE  VIII. 
2 ~ 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
x2 
I3 
x4 
15 
x6 
x7 
18 
x9 
20 
2I 
o.ooox gill, 
pepsin in x c.c. 
hydrochloric 
acid. 
N/2oo 
,, 
J, 
,, 
,, 
~t 
Fresh bed 
serum, 
0.5  c.c. 
o.4  c.c. 
o.3  c.c. 
0.2  C.C. 
O.I  C.C. 
0.08  c.c. 
o.06  c.c. 
0.04  c.c. 
0.02  c.c. 
I  "  .  I  0.85 per 
nactxvatea rcent  sodium 
beef serum,  cialorid. 
0.5  C.C. 
0.I  C,C. 
0.4  c.c.  o.I  c.c. 
0.2  C.C. 
0.3  c.c.  0.2  c.c. 
0.3  c,c. 
0.2  C.C.  0.  3  C,C. 
0.4  c.c. 
o.I  c.c.  0.4  c.c. 
0.42  c.c. 
0.08  c.c.  0.42  c.c. 
o.44  c,c. 
o.06  c.c.  o.44  c.c. 
o.46  c.c. 
o.o4  c.c.  0.46  c.c. 
o.48  c.c. 
0.02  c.c.  0.48  c.c. 
2.5  c.c. 
o.5~  c.c. 
Hydro-  Inactivated  ~  lu  1  N/to sul- 
ehlorie acid.  beef serum..to  o.  phurie acid. 
,%TZY.c. 7-/T,  4.o ¢.c. 
"  "  "  2.8 C.C. 
2.2  C.C. 
3.2  C.C. 
3-3 c.c. 
"  "  2.6 c.c. 
.  d, 
3.0 c.c. 
20.0  C.C. 
I5.1  c.c. 
"  "  "  I7.7  c.c. 
"  "  "  I5. 7  c,c. 
"  "  "  16.9  c.c. 
"  "  "  I5.4  c.c. 
"  I6.7  c.c. 
"  "  I8.2  C.C. 
"  "  "  I5.8  C.C. 
"  "  "  I7.3  C.C. 
"  8.8  C.C. 
"  "  "  I0.6  C.C. 
I2. 4  c.c. 
Decreasing amounts of fresh and inactivated  beef serum prevent 0.000i gm. of 
pepsin in I c.c. of N/200 hydrochloric  acid from digesting inactivated beef serum. 
The minimal quantity of fresh and inactivated serum which will prevent N/200 
pepsin from acting is 0.2 c.c.  All lesser quantities will not inactivate. 
Decreasing  amounts  of  fresh  and  inactivated beef  serum  were 
found capable  of deviating pepsin  in N/200  hydrochloric acid  as 
low  as  0.2  of  a  cubic  centimeter  of  fresh  and  inactivated serum. 
All lesser quantities to o.o2 of a cubic centimeter did not inactivate. 
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fresh and inactivated serum; the point of deviation depends on the 
relative amounts of acid and serum present.  This relation is  fairly 
constant. 
Table  IX  contains  the  results  of  a  number  of  experiments  in 
which the minimum quantity of serum capable of deviating ferment 
in a  given acidity was determined. 
TABLE  IX. 
Summary  o.f minimum  quantities  o.f "fresh and inactivated  bee.f serum  capable o.f 
deviating pepsin ir~ solution in progressively weaker hydrochloric acid solutions. 
Minimum quantity of fresh beef  Minimum quantity of inactivated 
o.oooz gin. pepsin in x c.c.  serum capable of deviating  beef serum capable of deviating 
pepsin in a given dilution of  pepsin  in a given di/ution of 
hydrochloric  acid.  hydrochloric  acid. 
N/6o  hydrochloric acid 
N/7o  hydrochloric acid 
N/8o  hydrochloric acid 
N/9o  hydrochloric acid 
N/Ioo  hydrochloric acid 
N/zoo  hydrochloric acid 
N/5oo  hydrochloric acid 
N/iooo hydrochloric acid 
0.5  c.c. 
0.5  c.c. 
0.4  c.c. 
0.4  c.c. 
o.4  c.c. to o.3 c.c. 
0.2  C.C. 
O.I  C.C. 
0.01  C.C. 
0. 5  C.C. 
o.5  c.c. 
0.4  c.c. 
0. 4  c.c. 
0.4  c.c. to 0.3 c.c. 
0.2  C.C. 
0.08 c.c. to 0.06 c.c. 
o.oz  c.c. to o.oo8 c.c. 
This shows a  proportionate decrease in the amount of serum ca- 
pable of deviating pepsin in progressively weaker hydrochloric acid 
solution. 
The  component  or  components  of  blood  serum  responsible  for 
pepsin  deviation  are  as  yet  unknown.  The  investigations  of  the 
nature  of  this  body,  whether in  albumin  or globulin  fractions of 
serum,  whether colloid or  lipoid,  dialysable,  or non-dialysable,  are 
now  in  progress.  That  there  is  sufficient  free  hydrochloric  acid 
present to allow pepsin to act, were it' not firmly bound to the devia- 
ting serum, was demonstrated by titrating the free hydrochloric acid 
and total  acidity of five cubic centimeters of the flask mixture be- 
fore  boiling.  In  twenty-six  flasks  so  examined,  the  excess  free 
hydrochloric  acid  contained  in  five  cubic  centimeters  needed  an 
average  of  1.2 5  cubic  centimeters of  N/Io  sodium  hydroxid  for 
neutralization  (dimethylamidoazo-benzol being used as  indicator); 
the total acidity needed 2. 3  cubic centimeters of N/Io  sodium hy- 
droxid  (phenolphthalein being used as indicator). 
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pttblished accounts of anti-pepsin ?  The inhibiting  substance which 
Jacoby held to be anti-pepsin was demonstrated as follows : 
He immersed small pieces of  washed fibrin in  an  aqueous pepsin solution, 
then extracted them and found that pepsin had been removed from the solution 
and had been bound by fibrin.  From this union (which he named pepsin-fibrin), 
pepsin could be released only by a  weak alkali solution, not  by water  or  acid. 
These  pepsin-fibrln particles were  active, however, and  capable of  digesting 
proteid  after  the  addition of  hydrochloric acid.  He  immersed  these  pepsin- 
fibrin particles in horse serum, whereupon it was found that  the particles, were 
no  longer capable of digesting proteid after hydrochloric acid had been added. 
He concluded that  this inactivation was  due to  anti-pepsin contained in  horse 
serum. 
As I  have attempted  to show,  it was probably due  to the  serum 
deviation  and  binding  of pepsin  after  the  latter  had  been  released 
from  its  fibrin union by the  alkalinity  of blood serum.  Blum and 
Fuld  themselves  comment  on  the  similarity  of  the  action  of  the 
inhibiting  substance  ia  the  gastric  juice,  which  they  called  anti- 
pepsin, to the inactivation of pepsin by soluble albumin.  Jochmann 
and  Kantorowicz  attempted to  rule  out non-specific  pepsin  absorp- 
tion by serum,  by demonstrating  that  free pepsin  was present  in  a 
neutral pepsin serum mixture and could be withdrawn by a  particle 
of coagulated  egg  albumin  placed  in  the  mixture.  The  fact  that 
the pepsin deviation by serum is a  quantitative  phenomenon is suffi- 
cient  explanation  for  the  fact  that  free  pepsin  would be  found  in 
the  absence of sufficient binding  serum.  The  Jochmann-Kantoro- 
wicz solution contained  forty times the quantity of pepsin that  was 
used in the  solutions in this  work. 
The same considerations apply to the anti-pepsin  of Oguro.  His 
suggestion that  the  acid  itself  probably injured  or  destroyed anti- 
pepsin,  thus  accounting  for  the  disappearance  of  the  anti-peptic 
action  when  pepsin  was  dissolved  in  a  weakly  acid  solution,  has 
been shown to be untenable,  for N/6o hydrochloric  acid permitted 
the inhibiting body in inactivated serum to act  (flask 12, table VII). 
Likewise,  the  fact  that  in  the  later  work  ferment  deviation  was 
demonstrated  in  acidities  as  low  as  N/2oo,  N/5oo  ,  N/iooo,  and 
the fact that  other true antibodies, hemolysin,  lysin, etc., have been 
shown to be active in such acidities,  speak conclusively against  this 
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In  summary,  then,  it  appears  that  a  quantitative  non-specific 
pepsin  deviation by blood  serum is  responsible  for what  has  been 
described  as  specific  anti-pepsin.  Can  a  specific  anti-pepsin  be 
demonstrated in the blood serum of normal animals after ruling out 
and controlling this non-specific pepsin  inactivation? 
The  demonstration of  specific anti-pepsin  in  the blood  of  vari- 
ous animals was attempted, according to the technique described for 
controlling pepsin deviation.  N/5oo hydrochloric acid was used as 
a  routine for the solution of pepsin, as this dilution was considered 
sufficiently low to permit true antibodies to act.  Nine different sera 
were tested;  three human sera  from a  normal,  a  nephritic,  and  a 
syphilitic  (Wassermann  positive)  patient,  respectively; six  animal 
sera from  dog,  cat,  guinea  pig,  beef,  normal  rabbit,  and  pepsin- 
injected  rabbit,  respectively.  The  results  of  these  several  experi- 
ments are summarized in table X. 
TABLE  X. 
Summary  of  minimum  quantities  of  fresh  and  inactivated  sera  from  different 
animals capable of deviation of o.ooor gin. of pepsin  in z c.c. of N/5oo 
hydrochloric  acid. 
Minimum quantity of 
Results of  fresh serum  capable of  Minimum quantity of inactivated serum 
tables.  Serum obtained from  deviating o.oooi  gin. of  capable of deviating o.oooi gin. pepsin 
pepsin in Nf5oo hydro-  in N/5oo hydrochloric  acid. 
chloric acid. 
II 
I2 
I3 
I4 
15 
I6 
I? 
18 
I9 
Human,  normal. 
Human  nephritis. 
Human  syphilis. 
Dog,  normal. 
Cat,  normal. 
Beef,  normal. 
Guinea  pig, normal. 
Rabbit,  normal. 
Rabbit,  injected. 
o.o8  c.c. 
0.08  c.c. 
0.08  c.c. 
O. I "~-C.C. 
O.I  C.C. 
O.I  e.c. 
O.I  C.C. 
o.o8  c.c. 
O.I "I-C.C. 
0.02  C.C. 
0.06  c.c. 
0.06  e.e. 
O.I  C.C. 
0.08  e.c. 
o.o6  c.c. 
0.06  c.c. 
0.06  c.c, 
o.o8  c.c. 
The series contained abundant evidence of pepsin  deviation,  but 
in  no  instance  was  there  evidenced  a  specific  anti-pepsin.  The 
results  show,  in  addition,  a  number of  interesting  facts  which the 
earlier work had not brought out.  The most striking of these was 
seen in the flasks containing fresh sera below the point where devia- 
tion  had occurred.  These flasks  showed a  progressive increase  in 
the amount of proteid digestion as compared with the control flasks Walter  W. Hamburger.  547 
containing no serum;  the amount varied inversely with the amount 
of  serum  present.  For  example,  in  the  table  containing  the  re- 
sults  of the  tests  of rabbit  serum  after  repeated  pepsin  immuniza- 
tion,  control  flask  II,  without  serum,  showed  a  digestion  of  IO.5 
cubic centimeters of N/Io sulphuric  acid,  while flask 9,  containing 
0.02  of a  cubic" centimeter of fresh serum, showed a digestion of 21.5 
cubic centimeters of N/Io sulphuric acid--twice the amount of the 
control.  The explanation  for this apparent pepsin activation is still 
wanting.  There is some evidence that the lipoids of the serum may 
be concerned, for, in a preliminary experiment concerning the action 
of  lecithin  on  pepsin,  an  increased  proteid  digestion  was  demon- 
strable.  This  investigation is still  in progress and  will be reserved 
for later publication in conjunction  with  Dr.  Jobling. 
A  second interesting  fact was observed in the increased deviating 
or  binding  ability  of  inactivated  serum  as  compared  with  fresh 
serum.  This was more marked in the flasks immediately below the 
point  where  deviation  with  fresh  serum  had  occurred;  the  flasks 
further  down  in  the  series,  containing  smaller  quantities  of  both 
fresh  and  inactivated  serum,  showed little  if  any  difference.  The 
explanation  of  this  phenomenon  is  likewise  a  subject  for  future 
investigation. 
The  exact  point  at  which  deviation  occurred  varied  both  with 
the fresh and inactivated serum.  Table X  contains the summary of 
the  minimum  quantities  of  fresh  and  inactivated  serum  capable  of 
deviating pepsin.  This  shows a  variation  of  from 0.08  of a  cubic 
centimeter  to  o.I  of  a  cubic  centimeter  for  the  fresh  serum,  and 
from 0.02 of a  cubic centimeter to o.I  of a  cubic centimeter  for in- 
activated  serum;  a  greater  range  for the  latter.  In  each  case,  the 
minimum  quantity  of  inactivated  serum  capable  of  deviation  was 
below  that  of  fresh  serum,  the  difference  lying  between o.o2  and 
0.06 of a  cubic centimeter. 
With  few exceptions,  the  results of the various sera tested  were 
remarkably  similar.  Normal  human  serum  caused  deviation  with 
the  minimal  quantity  as  compared  with  the  other  sera;  0.02  of a 
cubic centimeter  of inactivated  serum caused complete inactivation. 
Normal  dog serum caused  deviation  with  the  maximal  quantity  as 
compared  with  the  other  sera;  o.I  of  a  cubic centimeter  of  fresh 548  Relations  of  Pepsin  to  So-Called  Anti-Pepsin. 
serum caused complete inactivation.  Serum  from a  rabbit  having 
had repeated pepsin injections showed a  slight increase in the mini- 
mum  quantity  of  fresh  and  inactivated serum,  as  compared  with 
normal rabbit serum.  Whether any significance should be attached 
to this can be told only after a longer period of immunization.  The 
results of the attempts to produce an immune anti-pepsin must like- 
wise be  reserved  for future publication. 
SU M  M  ARY. 
I.  Fresh  and  inactivated animal  serum  under  proper  conditions 
will bind pepsin quantitatively in weak acid solution and will prevent 
it  from  digesting proteid  even  after  the  addition  of  free  hydro- 
chloric acid in excess. 
2.  This binding and inactivation of pepsin  cannot be  considered 
as  due to a  specific anti-pepsin. 
3-  The phenomenon has been named pepsin deviation in analogy 
with  the  deviation  described  for  other  ferments,  notably trypsin. 
4.  The  ability of  animal  serum  to  deviate  pepsin  has  been  re- 
sponsible  for  most,  if  not  all,  of  the  published  accounts  of  anti- 
pepsin. 
5-  By the use of a  technique elaborated to control pepsin devia- 
tion,  i,t  has  been  found  impossible  to  demonstrate  normal  anti- 
pepsin in the blood serum of the dog, cat, guinea pig, beef,  horse, 
rabbit,  and of man. 
In conclusion, I  desire to thank Dr.  Jobling, at whose suggestion 
the work was undertaken, for valuable advice and criticism. 
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